Background: Idiopathic REM sleep behavior disorder (RBD) may be the initial manifestation of synucleinopathies (Parkinson disease [PD], multiple system atrophy [MSA], or dementia with Lewy bodies [DLB]).
degenerative process beginning much earlier in life. To explore this further, we sought to collect a cohort of patients who had histories of RBD predating onset of clinical PD, DLB, or MSA by more than 15 years. In reviewing the clinical outcomes of these patients, we sought to include a wide range of data including cognitive, autonomic, and motor manifestations.
METHODS In this convenience series, we used the Mayo Clinic Medical Records Linkage System to identify patients with PD (including a diagnosis of PD, PD plus MCI, or PD plus dementia [PDD]), DLB (including cases diagnosed with DLB and MCI plus concurrent parkinsonism), or MSA, who were evaluated during a 5-year period (2002) (2003) (2004) (2005) (2006) . These patients met the following criteria: 1) idiopathic RBD at onset; 2) at least 15 years between RBD onset and development of other neurodegenerative symptoms (autonomic dysfunction, parkinsonism, or cognitive impairment); and 3) evaluations by Mayo specialists in Sleep Medicine to confirm RBD, and in one or both sections of Behavioral Neurology and Movement Disorders to confirm the subsequent neurodegenerative syndrome. Clinical history was considered positive if the behavior met diagnostic criteria B for RBD, defined as abnormal, flailing movements occurring during sleep, with sleep-related injuries, or movements that are potentially injurious or disruptive. 7 Symptoms of physical activity during sleep were provided by the patient and bed partner. The diagnosis of probable RBD was based on history and evaluation by a specialist in sleep medicine while definite RBD was based on polysomnographic confirmation.
The clinical findings, neuropsychological testing, and neuroimaging and neuropathologic results (when available) were obtained from the medical record. A diagnosis of DLB was based on consensus criteria 8 including, but not limited to, recurrent fully formed visual hallucinations, spontaneous parkinsonism (resting tremor, bradykinesia, cogwheel rigidity, and postural instability), fluctuating cognition (changes in the degree of organized and logical thinking, from one time period to another 9,10 ), and presence of RBD. Those with the diagnosis of PD met UK Brain Bank criteria. 11 PDD was defined as symptoms of PD present for at least 1 year prior to development of dementia. 12 A diagnosis of MSA was confirmed using consensus criteria. 13 Detailed neuropathologic analysis was performed on all patients who had died and undergone autopsy.
Standard protocol approvals, registrations, and patient consents. Approval was received from the Mayo Clinic Institutional Review Board for this study.
RESULTS Patient population.
Of the 550 patients identified over the 5-year period with RBD plus 1 of the 3 disorders of interest, 256 were classified as PD, PD plus MCI, or PDD; 224 were classified as DLB or MCI plus concurrent parkinsonism; and 75 were classified as MSA. Twenty-seven (4.9%) of these 550 patients met the criterion of Ͼ15-year RBD history before other neurodegenerative disease symptoms, of which 13 were PD, PD plus MCI, or PDD; 13 were DLB/MCI plus parkinsonism; and 1 was MSA.
Of the 27 patients, 24 (89%) were male. There were 14 patients who met criteria for definite RBD, and 13 for probable RBD. The median age at presentation for neurologic symptom onset was 72 years (51-80). As shown in the table, the median length of RBD symptoms to neurodegenerative syndrome symptom onset was 25 years (range 15-50 years), and the median age at onset of RBD symptomatology was 49 years . All patients had spousal/sleep partner confirmation of both RBD symptomatology and the approximate time of RBD onset. Patients were followed at Mayo Clinic for a mean of 6.2 years (1-11 years). Most of these patients (17/27) were evaluated at the Mayo Clinic Center for Sleep Medicine, primarily because of RBD symptoms.
RBD symptoms and follow-up. In 23 patients, the clinical history of RBD was that of a dream characterized by patients defending themselves from an attacker or running away from an attacking person or animal. The remainder described frightening dreams but could not recall the content. All bed partners confirmed motor behavior during sleep. A story of punching during the dream was provided by 11 patients and their spouses. Other motor behavior during dreams included shouting, leaving the bed, or flailing arm movements. In 6 patients, this behavior was noticed by the spouse early in marriage, either during the honeymoon or soon after. Of note, 8 patients had concomitant hypersomnolence at the time of evaluation.
A formal polysomnogram (PSG) was performed in 17 patients: 16 at our institution and 1 at an outside institution with records available for our review. In this particular patient, polysomnography confirmed RBD. The PSG confirmed RBD in 14 of 16 studies performed at our institution. Of the 2 patients with unconfirmed RBD on PSG, both were highly suspected of RBD. One patient failed to enter REM sleep and thus electromyographic tone could not be assessed, and the other achieved only 5 minutes of stage REM sleep which was not associated with unequivocally increased electromyographic tone. These 2 patients were considered as probable RBD. Additionally, in 50% of patients with sleep studies (8 patients), the PSG revealed coexisting obstructive sleep apnea, while 65% (11 patients) had coexisting periodic limb movements of sleep. Of the 10 patients who did not undergo a PSG, reasons listed included patient disinterest, patient time constraints, and the clinician thought the history was sufficient for a diagnosis of RBD without PSG confirmation.
Clinical diagnosis. Initial parkinsonian symptomatology was observed in 13 patients; 9 patients were diag-nosed with PD. At most recent follow-up, PD with associated mild cognitive impairment (PD-MCI) was noted in 3 other patients: 2 with nonamnestic MCI with predominant visual-spatial impairment and 1 with amnestic MCI. One case presented with PDD and was treated for PD 2 years before presenting to our institution.
Cognitive impairment was the presenting complaint in 13 patients. Of the 11 presenting with clear dementia, all had parkinsonism, whereas 9 (82%) had concomitant orthostatic symptoms, 6 (55%) experienced visual hallucinations, and 7 (64%) had clinical histories suggestive of cognitive fluctuations.
All 11 were diagnosed with clinically probable DLB based on the criteria of McKeith et al. 8 MCI was the primary clinical diagnosis in 3 patients. All patients underwent neuropsychological testing. Neuropsychological testing in the 3 patients with MCI revealed deficiencies in multiple domains in 2 patients (language/memory and visual-spatial/memory), while the other patient scored poorly on memory testing and was characterized as amnestic MCI.
Only one patient presented with primary autonomic symptomatology. She was diagnosed with MSA. This case was 1 of the 3 women in the study. A majority of patients (85%) were followed for 3 years or longer. At latest follow-up, 4 patients with PD and 1 patient with PD-MCI developed cognitive impairment resulting in a diagnosis of PDD. Of the 3 patients with MCI, 1 patient progressed to probable DLB. The majority of patients (45%) at clinical follow-up had a diagnosis of probable DLB. Notably, when accounting for all cases of DLB and PDD, 64% of patients developed dementia.
Autonomic symptoms and autonomic testing. Autonomic symptoms were common and deserve additional comment; 74% of patients (20) experienced dysautonomia. This was predominantly expressed as postural related lightheadedness, but also included urinary incontinence or retention, and constipation. Objective evidence of supine-to-erect systolic fall in blood pressure was documented in 16 patients (mean systolic drop was 30 mm Hg [range 16 -60], with 10 patients having a drop greater than 30 mm Hg).
Formal autonomic studies including adrenergic function, cardiovagal function, and postganglionic sympathetic sudomotor function were performed in 6 patients who had clinical evidence of orthostatism by blood pressure measurements. Five patients had evidence of severe adrenergic failure consistent with orthostatic hypotension on tilt table test; 3 of these patients were clinically diagnosed with PD or PD-MCI, while 2 cases were diagnosed with a dementia syndrome, 1 with probable DLB and the other with PDD. One patient had moderate adrenergic failure, and this patient was diagnosed with MSA. Cardiovagal responses were mild to moderately abnormal in all patients with the exception of 1 patient who had a pacemaker. Postganglionic sympathetic sudomotor response was abnormal in all patients. Functional imaging findings. Two patients underwent SPECT 99mTc imaging; both studies showed markedly asymmetric hypoperfusion of the frontal, parietal, and occipital lobes. The presence of parietal and occipital involvement was considered suggestive of a Lewy body process. One patient was diagnosed with PD-MCI and the other with probable DLB. Neuropathologic findings. At final review of the clinical records, 10 of 28 patients had died. The median time to death from RBD onset was 37 years (19 -57), and from onset of autonomic/cognitive/motor changes was 7 years (4 -26); 2 of these patients underwent autopsy. Both brains showed striking evidence of Lewy body disease, with minimal Alzheimer-type pathology changes. The predominant regions affected in these cases were brainstem and limbic areas, and both were characterized pathologically as limbic-predominant Lewy body disease. DISCUSSION These cases add longitudinal perspective on the evolution of neurodegenerative syndromes characterized by ␣-synuclein neuropathology. Not long ago, the prototypic ␣-synucleinopathy, PD, was estimated to begin about 5-6 years before motor symptom onset, based on imaging [14] [15] [16] [17] or neuropathologic estimates. 18 However, these estimates were superseded by the recognition that RBD is an early feature of PD and in the seminal article, preceded PD motor symptoms by a mean of 12.7 years. 5 Similarly, the dysautonomic symptom of constipation was significantly associated with later development of PD, and with a mean 10-year latency. 19 Subsequent series confirmed RBD preceding PD by around a decade, on average, and extended this to DLB. 2, 4, 6 Notably, in these previous RBD series, occasional cases had RBD documented substantially more than a decade before PD onset. Our series now suggests that such cases with very long latencies are relatively frequent. Thus, in this referral-center cohort, 27 patients with PD, DLB, or MSA had clear RBD for more than 15 years, and up to 50 years before the neurodegenerative syndrome clinically manifested.
These findings suggest that PD, DLB, and MSA have very long durations of activity, often with long latencies when the pathogenic process is active, but inapparent or marginally apparent. Thus, the median onset of RBD in this series was age 47.5 years, but as early as age 21 in these syndromes that did not fully present with neurodegenerative syndromes until middle age or beyond.
This long latency is supported by other evidence, and a prolonged premotor period has also been suggested for other aspects of PD. Preexisting anxiety was associated with later development of PD including extension of the analysis to 20 years before parkinsonism onset. 20 An early-life PD personality has also been noted, although this remains controversial. 21 These RBD findings are also consistent with studies suggesting that the earliest Lewy pathology involves pontomedullary nuclei 22, 23 at brainstem levels that include the peri-locus ceruleus region, which is the RBD substrate in rats. 1, 24 Nearly three-fourths of our patients experienced autonomic dysfunction, which was confirmed by formal autonomic studies in 6. Our results are consistent with previous studies suggesting that dysautonomia may tend to parallel RBD in ␣-synucleinopathy patients. Thus, dysautonomia may be a very early feature, like RBD, as evidenced by the aforementioned development of constipation well before PD motor symptoms. 19 Autonomic dysfunction may not only precede PD by a long interval, but also DLB. [25] [26] [27] RBD without other neurologic symptomatology has also been associated with reduced cardiac (123) I-metaiodobenzylguanidine uptake (MIBG), consistent with the loss of sympathetic terminals. 28 In our series, 85% of patients (23/27) experienced at least MCI, and most frank dementia. Almost half of the patients with PD in our study progressed to PDD, and two-thirds of all patients went on to develop a dementia syndrome of either DLB or PDD. The disproportionate association of RBD with cognitive impairment has previously been noted 29 ; thus, in patients with PD who were selected for absence of dementia, RBD was highly associated with MCI, in contrast to PD without RBD. In another study, RBD was proposed to represent a red flag for progressing cognitive impairment. 29, 30 Why the clinical presence of RBD portends a propensity toward dementia/cognitive impairment is not entirely clear, but might relate to more pervasive Lewy body disease.
In prior series, not all patients who initially present with isolated, idiopathic RBD go on to develop PD, DLB, or MSA. 2, 3, 6, 31 However, the current series documenting very long latencies raises a question whether all patients with RBD would later develop such neurodegenerative syndromes if they lived long enough.
This series of 27 cases was collected over only 5 years, suggesting that these long intervals of RBD preceding motor/cognitive/autonomic symptoms are not rare. However, this was a convenience series from a referral database at a tertiary center, so nothing can be inferred about true incidence or prevalence. In practice, RBD is likely overlooked since clinicians often do not ask about dream enactment behavior and patients/family would not intuitively expect this to be relevant to later-developing neurologic syndromes. Hence, true incidence/prevalence would require a prospective cohort study.
These cases illustrate that PD, DLB, and MSA may have extremely long courses, with preclinical periods extending back decades in at least some cases. Thus, in some cases, the pathogenic process may span most of the lifetime. This is relevant to epidemiologic studies investigating exposures. It is also highly relevant to the development of therapies that might slow or halt ␣-synucleinopathy progression, which could be implemented well before the cognitive and motor features are manifest.
